This article was downloaded by:

On: 28 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

s ey ) s g

VT e Y S

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

S}l!flll‘, and http://www.informaworld.com/smpp/title~content=t713618290
Silicon
and the Related Elements
———- Heterocyclic Phosphorus Ligands in Coordination Chemistry of Transition
ety _ . Metals
1 Sergey V. Bobrov; Andrey A. Karasik; Oleg G. Sinyashin

To cite this Article Bobrov, Sergey V., Karasik, Andrey A. and Sinyashin, Oleg G.(1999) 'Heterocyclic Phosphorus Ligands
in Coordination Chemistry of Transition Metals', Phosphorus, Sulfur, and Silicon and the Related Elements, 144: 1, 289 —
292

To link to this Article: DOI: 10.1080/10426509908546238
URL: http://dx.doi.org/10.1080/10426509908546238

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426509908546238
http://www.informaworld.com/terms-and-conditions-of-access.pdf

15: 23 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 1999, Vol. 144-136, pp. 289-292 © 1999 OPA (Overseas Publishers Association) N.V.

Reprints available directly from the publisher Published by license under the

Photocopying permitted by license only Gordon and Breach Science Publishers imprint.
Printed in Malaysia '

Heterocyclic Phosphorus Ligands in
Coordination Chemistry of Transition Metals

SERGEY V.BOBROV, ANDREY A. KARASIK and
OLEG G. SINYASHIN

A.E. Arbuzov Institute of Organic and Physical Chemistry, Arbuzov str, 8, Kazan,
420088, Russia

Modemn stage of development of organometallic and co-ordination chemistry is
characterised by the wide use of polyfunctional ligands with structurally rigid
fragments. On the base of such ligands an unusual labile and polynuclear complexes -
precursors of the homogeneous catalysts, have been designed. Cyclic
oréanophosphorus compounds pertain to the ligands of such type.

We study the complex formation and structure of transition metal complexes
with some novel heterocyclic ligands. Carbonyls of metals of the VI-th group [1] and
chlorides of metals of the VIII-th group [2-4] have been chosen as central ions.

The first studied type of ligands is 1,3,5 — diazaphosphorinanes with one soft
(phosphorus) and two hard (nitrogen) donor atoms. Complexes were synthesized by
the well-known strategy of ligand exchange. In all cases the formation of metal-

phosphorus bond was observed.
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We have compared some spectral characteristics of synthesized complexes (veo

and vaciin the IR-spectra, AS and 1]y in the NMR *'P spectra) with that of their
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nearest linear analogues. We have noticed that most of their parameters are close to
each other. So the values of A3 for platinum complexes are subjected to the empirical
comrelation equation (A5 P = A8"P. + B, A=-0.326, B=18.83) established for the
linear tertiary phosphines.

Steric volume of ligand, defining by Tolman cone angle, was calculated, on the
basis of the X-ra); data of free phosphines and their complexes, resting on the new
approach, developed by Thomas E Muller and D.Michael P.Mingos (Transition Met.
Chem. 1995, 20, 533).

Crystallographic  cone angle, ©, for 1,3-dibenzyl-5-phenyl-1,3,5-
diazaphosphorinane is about 193°, This value is close to that of sterically hindered
tertiary phosphines. We managed to isolate and characterise by the X-ray analysis
two conformational isomers of platinum complex of 1,3,5-diazaphosphorinane with
the different location of MP bonds. The value of Tolman cone angle is greatly
changed turning to the conformation with the equatonial location of MP bond. For
isomer with axial Pt-P bond - cone angle is 181°, but for isomer with equatorial Pt-P
bond, cbne angle is 120° (such value is characteristic of the small phosphine ligands).
We show by the 1H NMR method that in the solutions of corresponding complexes
cyclic ligands mainly exist in chair conformation with the equatorial M-P bond [1].

It is well known that small ligands are capable to stabilize unusual high co-
ordination numbers of bivalent platinum and palladium. Really, in the presence of
additional molecule of ligand in the P NMR spectra of L;PtCl; we observed a

process of cis-trans isomerisation.
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We managed to isolate individual compounds with LyPtCl; composition from

these reaction mixtures. One of the complexes gives a mixture of cis-trans isomers
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and free ligand after dissolving. Probably this compound is an unusually stable
intermediate of cis-trans isomerisation. In P NMR spectra of another complex we
observed signals of three atoms of phosphorus co-ordinated with one atom of metal.
At present it is impossible to define exactly whether it is a neutral fivecoordinated
platinum complex or ionic square-planar complex [2].

It is well known that phosphines with a hard donor atom in a- position, for
example phosphinopyridines, are capable to form fourmembered chelate structures.
However we failed to obtain such chelates for 1,3,5-diazaphosphorinanes. We
suppose that incorporation of the donor atoms into the cycle greatly limits the
possibility of favourable location of their lone pair.

For checking this hypothesis we synthesized the nearest analogue of these
ligands, containing two soft phosphorus donor atoms at 1,3-positions of heterocycle

[3]. This heterocyclic phosphine exists in two stereoisomeric forms.
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Using fractional crystallisation pure less soluble RS-isomer was isolated. To the
best of our knowledge, synthesized heterocycles represent a new class of ligands with
two close to each other soft donor atom included to the cycle.

In all conformations of RR(SS) isomer phosphorus lone pair are always
orthogonal, but in RS isomer their parallel orientation is possible in chair

conformation with di equatorial location of phenyls on phosphorus atoms.
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Realization of chelate structures typical for linear diphosphines in these
conditions is less probable. Really the synthesized heterocyclic ligands give only

binuclear complexes with platinum group metals [3].



15: 23 28 January 2011

Downl oaded At:

292 SERGEY V.BOBROV et al.

In the 1,5,3,7-diazadiphosphacyclooctanes two soft donor phosphorus atoms are
situated at the 1,5-positions of more flexible eightmembered heterocycle. We
managed to isolate both chelate and binuclear complexes from reaction mixtures [4].
Binuclear complexes convert to the chelate ones in solutions. Probably the first is a

product of kinetic, and the second is the product of thermodynamic control.
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The X-ray analysis data show that heterocyclic ligands in the chelate complexes
exist in chair-boat conformation, while free phosphine exists in crown conformation.

It is necessary to note that chair-boat conformation is typical for all chelate
complexes of eightmembered 1,5-donors described in literature. The formation of
chelate complex is accompanied by approaching of phosphorus atoms, causing the
strain in the cycle. In chair-boat conformation this strain is minimum. In all described
structures a significant M-P bond bending, exhibited in 10-20° P-M-P angle distortion
is observed [4].
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